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Abstract 
Since the advent of the internet, online supplemental material has become increasingly popular in 
college curricula. This study researches the effectiveness of this supplemental material by creating 
instructional videos for the laboratory course BB3514, “Circulatory and Respiratory Physiology”, at 
Worcester Polytechnic Institute.  Students following the course are allowed access to the material at any 
time before, during, or after the laboratory periods.  Results displayed student usage of videos before 
and during laboratory periods rather than after.  Students also responded positively to the usefulness of 
the instructional videos in their retention of course material. 
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4 
Introduction 
 The advent of the internet marked a major turning point in technology and communication, 
allowing people the world over near-instantaneous access to an ever-expanding wealth of information.  
That being the case, it was a natural leap to using the internet as a study aid for various levels of 
educational use.  With the world’s largest library at their fingertips, students’ learning capabilities and 
retention of material could be enhanced, providing a more efficient manner of study. 
 While the use of online material in education has certainly grown more widespread, it still has 
yet to show consistent improvement in students’ performance (Hannah, 1998).  One possibility for this 
is the method of delivery of online supplemental material.  It’s a well-known fact that all people learn 
differently from one another; perhaps the most effective way to instill knowledge more effectively in all 
students would be to have a myriad of supplemental materials available representing each of the three 
learning styles presented in the Fleming VARK model: visual, auditory, and kinesthetic.  Visual learners 
prefer to see what they learn, whether it be through pictures, videos, or demonstrations.  Auditory 
learners learn best through hearing or participating in discussions.  Kinesthetic learners prefer to learn 
through touch or experience.  This study mainly focuses on the visual learners, although there is an 
auditory component as well.  Those who learn better through seeing rather than reading the pages of a 
laboratory manual will show more positive results with this study than others. 
 To that end, a college laboratory course is an excellent medium for testing the impact of 
supplemental video material.  Laboratory courses present students with a far more interactive 
environment than the standard lecture; as such, videos demonstrating the techniques students can 
expect to use in their laboratory periods will be more relevant.  Students who retain the information 
contained in the videos may be more comfortable using the techniques having seen someone else 
perform them first.  Those who prefer to have a visual basis for comparison when they participate in the 
actual experiment may use the video material while in the laboratory.  For those others who are 
confident in their laboratory skills, the videos may be reviewed afterwards as a study aid for lab practical 
quizzes.  This study will determine both the influence of the supplemental video material for enhancing 
students’ performance and the most prevalent method of use to produce these results. 
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Relevant Past Studies 
Integration and Adaptation of Online Materials 
 One study by Hannah in 1998 argued for the usefulness of online educational material tailored 
to specific curricula, courses, and students.  Whereas education has stubbornly followed a more 
traditional approach for years, advancements in online information delivery allow for so much more.  
These advancements in technology are ahead of advancements in education; the education system 
simply requires more adaptation so both these media may coexist and enhance one another.  The 
internet should not be the only method of education either: a balance must be found between 
traditional education and integrating other forms of educational media.  For the same reason, the 
internet-based material should be treated simply as another learning tool in the metaphorical toolbox of 
college professors.  Rather than becoming the main source of educational material, it is tailored to a 
specific course and used to more efficiently instill knowledge in students. (Hannah, 1998) 
Student Reception of Online Materials 
 A study in 1999 by Angulo and Bruce examined the perceptions of college students using 
supplemental web-based instruction in several different courses.  A web-based instruction website was 
used which included several different tools, such as online bulletin boards and quizzes.  Students were 
then surveyed on their feelings of the different tools, and it was found that students reacted positively 
to the online supplements.  Most students reported bulletin board discussions as their favorite feature 
due to their facilitation of better communication over the internet.  There was also a general consensus 
that a course taken only through this online medium would be less attractive overall, reinforcing the 
argument for use of online materials simply as supplemental tools rather than a complete teaching 
method. (Angulo, 1999) 
Development of Blackboard and Other Course Management Systems 
 Studies by Halloran in 2002 and Kim in 2004 further supported an increasing use of online 
supplemental material by examining methods of delivery.  This included, more specifically, the 
development of several Course Management Systems (CMS); these are online software created to 
facilitate better course organization and easier communication between students and professors (Kim, 
2004).  They provide a simplified online environment for college professors to manage web resources, 
online discussions, and other online supplemental materials. (Halloran, 2002) 
A noteworthy course management system discussed is the Blackboard system, one of the 
leading CMS available.  The Blackboard system is currently in use at Worcester Polytechnic Institute and 
will be an integral part of this Enhanced Laboratory Learning study.  The videos and survey created in 
this study will be available through the MyWPI website developed with the Blackboard base software, 
allowing students easy access to the material at all times. 
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Online versus Onsite Learning 
In recent years, certain institutions have begun to offer optional fully-online courses which 
simulate a classroom environment to allow students to take courses without ever being present on the 
campus proper.  A study on this concept of distance learning was carried out, comparing the 
performance and satisfaction of students in onsite courses to those following an exclusively online 
curriculum.  The results of the study displayed that the effectiveness of online courses was considerably 
similar to onsite classes: student feedback resulted in no considerable differences in feelings between 
those who had gone onsite to take courses as opposed to those who had taken the online courses.  
However this was only truly applicable to the field of Bioinformatics, most of which is already integrated 
with computer software.  Still, it displays a positive result for online material in learning and creates a 
basis on which future experiments may build. (Cooper, 2007) 
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Materials and Methods 
Access to a standard biological laboratory was required for this study.  Procedures were carried out 
according to the laboratory manual for BB3514 and filmed with a digital camcorder.  The resultant video 
files were transferred from the camcorder to an external hard drive for storage.  A script for narration of 
the instructional videos was written and recorded using a basic computer and a USB microphone, and 
the resultant audio files were saved to the external hard drive as well.  All video editing was then 
performed using Adobe Premier Creative Suite Version 4 software on a standard Windows computer.  
Finalized videos were compiled and saved to the external hard drive, then uploaded to the MyWPI 
website as supplemental material for BB3514.  Students had access to weblinks where they could either 
download or stream the videos directly from the server, allowing them to view the videos at any time.  A 
survey was then created to assess student opinions on the videos (Figure 1).  It was uploaded to the 
MyWPI site at the end of the course.  The survey was available for 10 days beginning on the last day of 
class.  Students were awarded 10 bonus points in the course if they completed the survey; the total 
points possible in the course without the bonus was 450.  The resulting data was collected and analyzed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8 
The following questions will be answered using the Likert Scale (Strongly Agree, Agree, Neutral, 
Disagree, Strongly Disagree, Not Applicable): 
1. I watched the videos prior to coming to lab. 
2. I watched the videos during the lab period. 
3. I watched the videos after the lab (as review material). 
4. I felt that the videos aided in my completion of the lab. 
5. I learned and retained more information about the lab from watching the videos. 
6. I felt more comfortable working in the lab after watching the videos. 
7. The audio in the videos was clear and concise. 
8. The videos were a helpful supplement to the lab. 
9. The videos were unnecessary. 
10. I would recommend instructional videos for other labs. 
The following questions are short answer essays. 
1. Have you used a supplementary lab video before?  If so, was it helpful? 
2. What did you like about these videos? 
3. What did you dislike about these videos? 
4. Would you make any changes to better the videos for the future? 
5. With what did the videos help you most: lab reports, lab practical exam, or a general understanding 
and retention of the material? 
6. What grade do you expect to receive for this lab? 
7. Any other comments? 
Figure 1- Finalized survey questions. These were posted on the MyWPI website for BB3514 students to 
access and answer. 
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Results 
The following section displays the data collected from the survey results. 
Numerical percentages of the student responses were obtained and recorded into a table.  This data 
was then used to create a graph representing the frequency of each response.  Data was consolidated 
into generalized answers of Agree, Neutral, and Disagree (Strongly Agree and Agree were appended to 
Agree, Neither Agree nor Disagree and Not Applicable were appended to Neutral, and Disagree and 
Strongly Disagree were appended to Disagree).  This was repeated for each of the ten Likert Scale 
questions. 
Sample size was limited to nine students who took the course and thus no statistical analyses were 
relevant; therefore they have been exempted from these results. 
Short answer essay questions will be referred to in the Discussion section but cannot be quantified for 
this section. 
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Likert Question 1 
Question 1, “I watched the videos prior to coming to lab”, resulted in a 78% frequency of student 
agreement.  Refer to table 1 and figure 2 below for full data. 
Answers % Answered 
Strongly Agree 33.33 
Agree 44.44 
Neither Agree nor Disagree 11.11 
Disagree 0.000 
Strongly Disagree 11.11 
Not Applicable 0.000 
Table 1- Numerical results of Likert Question 1. 
 
Figure 2- Consolidated results of Likert Question 1. 
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Likert Question 2 
Question 2, “I watched the videos during the lab period”, again had a total Agree response of 78%.  
Refer to table 2 and figure 3 below for full data. 
Answers % Answered 
Strongly Agree 33.33 
Agree 44.44 
Neither Agree nor Disagree 11.11 
Disagree 0.000 
Strongly Disagree 11.11 
Not Applicable 0.000 
Table 2- Numerical results of Likert Question 2. 
 
 
Figure 3- Consolidated results of Likert Question 2. 
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Likert Question 3 
Question 3, “I watched the videos after the lab (as review material)”, had only 11% of students in 
agreement.  The full data may be seen below in table 3 and figure 4. 
Answers % Answered 
Strongly Agree 0.000 
Agree 11.11 
Neither Agree nor Disagree 33.33 
Disagree 22.22 
Strongly Disagree 22.22 
Not Applicable 0.000 
Table 3- Numerical results of Likert Question 3. 
 
 
Figure 4- Consolidated results of Likert Question 3. 
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Likert Question 4 
Question 4, “I felt that the videos aided in my completion of the lab”, resulted in 89% agreement among 
students.  The full results may be seen in table 4 and figure 5 below. 
Answers % Answered 
Strongly Agree 22.22 
Agree 66.67 
Neither Agree nor Disagree 11.11 
Disagree 0.000 
Strongly Disagree 0.000 
Not Applicable 0.000 
Table 4- Numerical results of Likert Question 4. 
 
Figure 5- Consolidated results of Likert Question 4. 
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Likert Question 5 
Question 5, “I learned and retained more information about the lab from watching the videos”, resulted 
in 78% agreement.  The full data may be seen in table 5 and figure 6 below. 
Answers % Answered 
Strongly Agree 22.22 
Agree 55.56 
Neither Agree nor Disagree 22.22 
Disagree 0.000 
Strongly Disagree 0.000 
Not Applicable 0.000 
Table 5- Numerical results of Likert Question 5. 
 
 
Figure 6- Consolidated results for Likert Question 5. 
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Likert Question 6 
Question 6, “I felt more comfortable working in the lab after watching the videos”, resulted in 100% 
agreement.  Detailed results were tabulated below in table 6 and shown in figure 7. 
Answers % Answered 
Strongly Agree 33.33 
Agree 66.67 
Neither Agree nor Disagree 0.000 
Disagree 0.000 
Strongly Disagree 0.000 
Not Applicable 0.000 
Table 6- Numerical results of Likert Question 6. 
 
 
Figure 7- Consolidated results of Likert Question 6. 
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Likert Question 7 
Question 7 assessed if “The audio in the videos was clear and concise.”  67% of students agreed with 
this, and the full data may be seen in table 7 and figure 8 below. 
Answers % Answered 
Strongly Agree 22.22 
Agree 44.44 
Neither Agree nor Disagree 11.11 
Disagree 22.22 
Strongly Disagree 0.000 
Not Applicable 0.000 
Table 7- Numerical results of Likert Question 7. 
 
 
Figure 8- Consolidated results of Likert Question 7. 
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Likert Question 8 
Question 8, “The videos were a helpful supplement to the lab”, received 100% agreement from 
students.  See table 8 and figure 9 for the full data. 
Answers % Answered 
Strongly Agree 44.44 
Agree 55.56 
Neither Agree nor Disagree 0.000 
Disagree 0.000 
Strongly Disagree 0.000 
Not Applicable 0.000 
Table 8- Numerical results of Likert Question 8. 
 
 
Figure 9- Consolidated results of Likert Question 8. 
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Likert Question 9 
Question 9, “The videos were unnecessary”, resulted in 0% agreement.  Table 9 and figure 10 below 
display the full data. 
Answers % Answered 
Strongly Agree 0.000 
Agree 0.000 
Neither Agree nor Disagree 11.11 
Disagree 44.44 
Strongly Disagree 44.44 
Not Applicable 0.000 
Table 9- Numerical results of Likert Question 9. 
 
 
Figure 10- Consolidated results of Likert Question 9. 
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Likert Question 10 
Question 10 assessed if “I would recommend instructional videos for other labs”.  100% of students 
responded in agreement to the statement.  Results are displayed below in table 10 and figure 11. 
Answers % Answered 
Strongly Agree 44.44 
Agree 55.56 
Neither Agree nor Disagree 0.000 
Disagree 0.000 
Strongly Disagree 0.000 
Not Applicable 0.000 
Table 10- Numerical results of Likert Question 10. 
 
 
Figure 11- Consolidated results of Likert Question 10. 
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Discussion 
This study seeks whether or not delivering online supplemental material through instructional videos is 
an efficient manner of delivery and shows when it is most effectively used by students as a learning aid.  
While the results of this study were mostly positive, it should again be noted that the sample size was 
exceedingly limited: there were only nine students due to the restraints of running the study specifically 
for one laboratory course.  It is unfortunate, but as was mentioned in the previous section this must be 
taken into consideration for each result. 
Question 1, “I watched the videos prior to coming to lab”, displayed positive results with a majority of 
answers in the Agree category with a 44.44% frequency in that category.  This result was further 
supported by Strongly Agree having the second highest number of responses with a 33.33% rate of 
response.  Consolidated results showed that 77.78% of answers fell in the Agree category, while 11.11% 
answered neutrally or disagreed.  This result demonstrates that most students who followed the lab 
course made use of the supplemental videos before the laboratory period to prepare for the 
experiment.  At the very least, this result shows students are using one facet of the supplemental 
material, providing more relevance for results of later questions. 
Answers for Question 2, “I watched the videos during the lab period”, mirrored those of Question 1 and 
showed that students used the videos as references while they were in the laboratory performing the 
experiments.  The large percentage of answers in the consolidated Agree category supported the 
expectation that supplemental material would be easily accessible both in and outside of laboratory 
situations, and again showed that students made significant use of the material for several reasons. 
While results for questions 1 and 2 were very positive, the results for Question 3, “I watched the videos 
after the lab (as review material)”, show that most students in the course did not make use of the 
material after they had completed the experiment.  Consolidated results displayed that 44.44% of 
students Disagreed, while 33.33% were Neutral and only 11.11% Agreed.  This may be in part due to 
students having experienced the lab procedures for themselves; many students learn and retain 
information more readily when there is a hands-on aspect to the process.  Perhaps with the significant 
number of students who watched the videos before and during the laboratory, those same students felt 
they had grasped the concept well enough to make subsequent viewings irrelevant.  Whatever the 
reason, most students seemingly did not use the material as review material. 
Question 4, “I felt that the videos aided in my completion of the lab”, returned to having a majority of 
positive answers.  66.66% of students Agreed with this statement, while 22.22% Strongly Agreed and 
only 11.11% chose Neither Agree nor Disagree.  This resulted in a consolidated Agree response of 
88.89%, which shows the supplemental material was successful in assisting a large majority of the 
students in the laboratory with a 0% consolidated Disagree rate. 
The results to Question 4 were supported by more positive results for Question 5, “I learned and 
retained more information about the lab from watching the videos”.  55.56% of students responded 
Agree, while 22.22% Strongly Agreed.  The remaining 22.22% were Neutral, thus the consolidated data 
displayed another excess of Agree results with 77.78% response rate.  This provided excellent support to 
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the study taken directly from the students, further showing that the supplemental material helped them 
not only with completing the lab but with retaining the information from it as well. 
Question 6 brought another positive student response to the forefront.  The question was stated “I felt 
more comfortable working in the lab after watching the videos”.  Responses were grouped exclusively 
among the Strongly Agree and Agree categories, with 33.33% and 66.67% rates respectively.  This added 
up to a 100% rate for Agree in the consolidated results, showing that all students who followed the lab 
course and used the supplemental material felt far more confident and comfortable performing the 
experiments.  Ensuring one has comfort and confidence while performing laboratory procedures is an 
imperative first step to working efficiently and accurately in a laboratory environment.  These results 
show that students felt they knew the procedures that much better using the supplemental materials as 
opposed to having no supplemental videos available. 
Question 7, “The audio in the videos was clear and concise”, displayed mixed results.  44.44% of 
students Agreed with this and 22.22% responded Strongly Agree, while 22.22% Disagreed and 11.11% 
were Neutral.  Consolidated results show a general consensus that the audio was in fact clear and 
concise, but the 22.22% rate of Disagree answers was still somewhat disconcerting.  This may be 
attributable to the video and audio editing being completed without any previous experience; in future 
experiments, more practice or professional help should be sought to provide the best audio and video 
possible.  However, this is still a reassuring result considering the results of questions 4, 5, and 6.  While 
the audio may not have been as well-recorded or edited as it should have been, students were still able 
to glean the important information from the videos and use them as they were intended. 
While the previous questions displayed mostly positive results, the final three questions, 8, 9, and 10, 
show nearly 100% supportive results and create a near-literal summary of this study’s hypothesis.  
Question 8 asked students if they thought “The videos were a helpful supplement to the lab”.  With 
55.56% of students Agreeing and 44.44% Strongly Agreeing to this statement, the consolidated Agree 
category showed that 100% of the students in the course felt the videos were useful in some aspect.  
This data very much supports the study’s hypothesis that the videos would be useful to students. 
Question 9 asked the opposite: “The videos were unnecessary”.  Again, students vouched for the 
usefulness of the videos, with 44.44% of their answers in Disagree and Strongly Disagree and 11.11% of 
answers in the Neither Agree nor Disagree category.  The small percentage in the Neutral column was 
odd, but with a consolidated 88.89% in the Disagree category these results were solid and no students 
rejected the videos outright with a 0% answer rate in both the Agree and Strongly Agree categories. 
The final Likert Scale question, Question 10, proposed “I would recommend instructional videos for 
other labs”.  Results were equivalent to the results of Question 8: 55.56% of students Agreed and 
44.44% Strongly Agreed, adding up to another unanimous 100% consolidated Agree category.  From the 
standpoint of this relatively small study, this is a fantastic result; implementing supplemental material in 
many different laboratory courses would yield far more data, larger sample sizes, and more accurate 
results.  This shows students are ready and willing to use supplemental videos in their other labs, and 
also reflects on the success of the videos for this study.  Had the videos been less than adequate, 
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students would not be interested in recommending them for other labs as well.  This study was also 
performed with respect to an upper-level lab course, where the procedures were more exacting and the 
course more demanding.  Students most likely had experienced supplemental videos in lower-level 
prerequisite labs and therefore were more likely to use them to their full potential.  Past experience was 
confirmed in the short answer essay questions that followed. 
Essay question 1 inquired “Have you used a supplementary lab video before?  Was it helpful?”  All of the 
students responded to the question; 100% verified they had used supplemental videos before in 
laboratory courses and found them to be very helpful.  Essay question 5 went more in-depth, asking 
“With what did the videos help you most: lab reports, lab practical exam, or a general understanding 
and retention of the material?”  22% of students answered it assisted them in writing reports, 22% 
found it helpful for the lab practical, and 88% wrote that it aided in general understanding and retention 
of the material (several students had multiple answers).  With regard to other essay questions, there 
were two responses regarding the audio being difficult to hear at certain points in the videos.  When 
asked what grades the students expected to receive for the laboratory course, 77.78% expected a grade 
of A while 22.22% expected to receive a B.  The actual grades for the course were tallied and reported to 
be 67% A and 33% B. 
In conclusion, while the sample size for this study was limited to one laboratory course, the results were 
still quite positive, showing that for smaller courses this technique for implementing supplemental 
material can be very helpful and informative.  Students used the videos to prepare for laboratory 
periods and used them as references during the experiments proper.  While they were unlikely to use 
the material afterwards, student responses displayed a positive reception of the videos and suggested 
they be used more widely among laboratory courses.  An earlier iteration of this study displayed similar 
results, supporting this theory: students responded positively that they had learned and retained more 
information using tutorial videos prior to labs (Forte et al, 2009).  It was unfortunate that a larger sample 
size was unavailable due to fluctuation in class sizes from year to year; perhaps future studies involving 
online supplemental materials may remedy this situation.  This study showed that, at least for a small 
class, instructional videos may be used very effectively to assist in student learning both in and out of 
laboratory situations. 
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